Recent studies suggest that some of cocaine's central nervous system (CNS) effects may be mediated through its sodium channel inhibiting local anesthetic properties. Local anesthetics that lack cocaine's strong affinity for the dopamine transporter (DAT) also produce sensory and mood effects, further suggesting a role for this neural pathway. Due to an absence of affinity at the DAT, the local anesthetic lidocaine may offer the potential to assess sodium channel activity in vivo in humans. To assess the utility of lidocaine as a CNS probe, we determined regional cerebral blood flow (rCBF) with single photon emission computed tomography (SPECT) following the intravenous administration of lidocaine (0.5 mg/kg) and compared this response to procaine (0.5 mg/kg and 1.0 mg/kg), a local anesthetic with partial affinity for the DAT, and saline. Infusions were administered in nine healthy female controls over a 10-day period with at least 2 days between each scan. Increased rCBF was observed following lidocaine, relative to saline, in the insula, caudate, thalamus, and posterior cingulate. Decreased rCBF was detected in a different region of the posterior cingulate. In general, increases in rCBF were more marked following lidocaine relative to procaine. Mood and sensory changes following lidocaine were limited and significantly less than those induced by either dose of procaine. There were no significant changes in blood pressure or heart rate following either medication. These findings suggest that lidocaine can be safely used to assess sodium channel function in persons with addictive and other psychiatric disorders.
Introduction
Cocaine is reinforcing through its ability to increase mesolimbic dopamine levels through blockade of the dopamine transporter (DAT) [reviewed by Adinoff, 2004; Lile, 2006] . The effect of cocaine upon monoamine transporters is complemented by its local anesthetic actions blocking voltage-gated sodium channels (Butterworth and Strichartz, 1990) . Other local anesthetics share cocaine's ability to block sodium channels, yet for the most part they lack cocaine's potent affinity for the DAT (Ritz et al., 1987; Ritz and George, 1993) . This relative lack of DAT affinity presumably explains the absence of powerful reinforcing effects in local anesthetics other than cocaine. However, our group has recently reported that low, physiologically relevant concentrations (10 µM) of cocaine, lidocaine, and tetrodotoxin (20 nM) alter the action potential bursting output of hippocampal subicular neurons (Cooper et al., 2006) . This effect of cocaine, as well as lidocaine and tetrodotoxin, is related to its inhibition of sodium channels and is independent of cocaine's effect on monoamine uptake.
As others have shown that electrical stimulation of the subiculum induces drug-seeking behavior in animal models of stimulant addiction (Vorel et al., 2001; Taepavarapruk and Phillips, 2003) while complete inhibition of subicular activity decreases cocaine-primed drug-seeking (Sun and Rebec, 2003), cocaine's direct effect upon the subicular sodium channels may be relevant to its addictive properties. These findings reveal the need to develop methods that allow exploration of sodium channels in the human central nervous system (CNS). In this study, we assessed the utility of lidocaine, a local anesthetic with minimal activity at monoamine reuptake receptors, as a relatively specific probe of sodium channel activity in humans at rest. To our knowledge, the neural response to lidocaine has not been systematically assessed in humans using functional neuroimaging techniques.
We have previously used the local anesthetic procaine to assess limbic activation in cocaine-dependent subjects (Adinoff et al., 1998 (Adinoff et al., , 2001 (Adinoff et al., , 2003b . While procaine shares cocaine's effect on sodium channel conductance, procaine has relatively low affinity for monoamine reuptake activity. Relative to cocaine, the affinity of procaine for the dopaminergic, serotonergic, and noradrenergic reuptake receptor is 1%, 0.05%, and 0.4%, respectively (Ritz et al., 1987) . Nevertheless, procaine administration has been shown to potently activate anterior limbic activity and subjective anxiety in healthy subjects (Ketter et al., 1996; Servan-Schreiber et al., 1998; Adinoff et al., 2001 Adinoff et al., , 2003a 
